I. INTRODUCTION
In February 1999, delegates from some 170 nations were summoned to Cartagena, Columbia to finalize an international protocol on the regulation of biotechnology. Under the auspices of the United Nations Convention on Biologi cal Diversity (CBD), 1 national representatives and members of non-governmen tal organizations met to hamm er out the details of a new regulatory regime for genetically modified organisms. "We need a widely accepted protocol that protects the environment, strengthens the capacity of developing countries to ensure biosafety, complements existing national regulations, and promotes public confidence in biotechnology and the benefits it can offer," proclaimed Klaus Toepfer, executive director of the United Nations Environment Programm e.
2 It was not to be. While delegates from the European Union and many developing countries sought a protocol that would allow for stringent regulation, the United
States and other major agricultural exporters feared such a deal would place too many limits on global trade. 9. See Guy Gugliotta, New Vitamin A-Rich Rice Strain Tem1ed Nutrition Breakthrough, WASH. PosT, Jan. 14, 2000, atA6.
corn cob to protest "genetic pollution"10 and marched through the streets chanting "Life before profits!" 11 When negotiators finally reached an agreement in the wee-morning hours of January 29, environmental activists applauded the "historic" agreement because "international law is recognizing that G.M.O.'s are distinct and have to be regulated separately." 1 2 A spokesman for Greenpeace crowed that "we won almost all the points we were pushing for." 1 3 In particular, environmental activists were pleased that the final Protocol language explicitly provided for the use of precautionary regulation in the face of scientific uncertainty. 14 The Cartagena Protocol on Biosafety. (Biosafety Protocol) marks the first time the precautionary principle was enshrined in an international treaty's operative provisions.15
The stated purpose of the Biosafety Protocol is to establish safeguards against potential "adverse effects on the conservation and sustainable use of biological diversity."1 6 The preamble cites "growing public concern" over biotechnology's "potential adverse effects on biological diversity" as part of the need for international regulation.17 The Biosafety Protocol is an agreement under the CBD.18 The CBD declares biodiversity "of critical importance for meeting the food, health and other needs of the·growing world population." 19 The sad irony of the Biosafety Protocol is that it may well retard, rather than advance, the 173, 194-204 (2000) .
15. Prior international environmental treaties make reference to precautionary approaches to environmental protection, but only in a hortatory fashion. See id. at 194�95 (summarizing the precaution11f)'language contained in the Rio Declaration, Vienna Convention, and other iritemational environmental agreements).
16. Biosafety Protocol, supra note 12, art. I. Other purposes, such as protecting human health, are explicitly subsidiary under Article I of the Protocol.
17. /d. pmbl. 18. CBD, supra note I. The CBD's stated objectives are (1) "the conservation of biological diversity;" (2) "the sustainable use of its components;" and 3) "the fair and equitable sharing of the benefits arising out of the utilization of genetic resources." /d. art. I.
19. Biosafety Protocol, supra note 12, pmbl. Biodiversity, as defined by the Convention on Biological Diversity, is "[t]he variability among living organisms from all sources including, inter alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are a part; this includes diversity within species, between species and of ecosystems." CBD, supra note 1, art. 2. It shonld be noted, however, that as of 1999, the Conference of Parties of the CBD had yet to agree on a system for the classification or quantification of biodiversity. See Rowan Martin, Biological Diversity, in EARTil REPORT 2000, at 212-13 (Ronald Bailey ed., 1999).
protection of biodiversity. Under the guise of adopting "precautionary" measures to protect the environment, the Protocol could restrict one of the most imp01iant tools for biodiversity conservation -agricultural biotechnology. Negotiato rs gave hypothetical risks posed by genetically engineered crops and foodstuffs greater consideration than the demonstrated need tb improve agricultural produc tivity and reduce modem agriculture's stress on the natural environment. Govern ment representatives of developing countries claimed that concern for environ mental protection justified restrictions on the transboundary movement of genetically engineered crops, but "paid little attention to the rural devastation currently caused by expanding acreage under low-yielding, pest vulnerable [non-genetically engineered] crops. "20 Even if one's sole focus is environmental protection, it is quite possible that the Biosafety Protocol could do more harm than good.
In order to evaluate whether the Biosafety Protocol advances environmental protection, it is important to understand the nature of the environmental problems it is supposed to address. With this in mind, Part II of this article briefl y surveys current threats to biological diversity. Part ill summarizes the key provisions of the Biosafety Protocol, and how they seek to address the loss of biodiversity. Building on these two sections, Part N assesses t.he congruence, or lack thereof, between the biodiversity problem and the Biosafety Protocol. This section further explains why the Biosafety Protocol may do more to hinder, rather than help, the conservation of biodiversity, especially in those regions of the world in which the threats to biodiversity are the most severe. The article concludes with lessons that can be drawn from the Protocol's embrace of precautionary regulation and an assessment of the utility of such approaches in international environmental law.
II. THE THREAT TO BIODNERSITY
The loss of biological diversitl1 is a serious environmental concern. "Wethe human species -have been dependent on other species since the beginning of our time," notes Stephen Edwards of WCN (International Union for the Conservation of Nature and Natural Resources).22 Other species provide sources of food, clothing, and shelter, not to mention pleasure. While estimates of species loss vary greatly, there is general agreement that human activities contribute directly and indirectly to biodiversity loss and species extinction,23 and that the 
21.
In tills paper, the terms "biological diversity" and "biodiversity" are used interchangeably. 22. Stephen R. Edwards, Conserving Biodiversity: Resources for Our Future, in THE ThUE STATE OF THE PLANET 213 (Ronald Bailey ed., 1995).
23. The loss of biological diversity and species extinction, while interrelated, should not be confused with one another. Biological diversity consists of both the diversity of different species, but also the genetic diversity within given species and populations. Thus, for example, the loss of species from given habitats can reduce biodiversity even if those species do not go extinct.
current rate of species loss is substantially higher today than at any time in human history.
There are an estimated 5 to 15 million species on the planet.24 These estimates are quite speculative, however, and the actual number could be anywhere from 3 to 111 million species. 32. See Stork, supra note 24, at 62-63 tbls.5-6. Some activist groups, however, place the estimates of species JSS much higher. See, e.g., John C. Ryan, Conserving Biological Diversity, in STATE OF TilE WO RLD 1992, at 9 L. Brown ed.,1992) (citing loss estimates of over 50,000 species per year).
33. See, e.g., WIL FRED BECKERMAN, THROUGH GREEN-COLORED GLASSES 80-84 (1996) . See also Edwards 1pra note 22, at 217-21. Despite the high estimates, there are only approximately 1,000 recorded extinctions in the last four centuries. �e Stork, s u pra note 24, at 45. The small number of recorded extinctions could well be the result of poor aowledge about the number and distribution of species around the globe. Data from the International Union for te Conservation of Nature and Natural Resources (IUCN) indicates that the rate of documented extinctions creased rapidly from the year 1600 until the middle of the 20th century. See Edwards, supra note 22, at 218. ontrary to estimates of species extinction rates, however, the rate of documented extinctions appears to have owed since the 1930s. See id. at 219 fig.7 -2. 34. Edwards, supra note 22, at 217. "Caution," however, does not necessarily mean precautionary gulation, as such efforts may do more harm than good. See infra Part III .
Whether or not conventional extinction estimates are accurate, there is a general consensus that human activity threatens many species around the globe.
Over one-third of documented animal extinctions were due to habitat destruc� tion,35 and most biodiversity experts believe that continuing loss of habitat could claim up to half of the species alive today.36 Thus, saving biodiversity requires protecting plant and animal species in their native habitat.37 Other leading causes of extinction are the introduction of exotic species and hunting. 38
Nevertheless, conserving species habitat is the key to the preservation of biological diversity.
Most habitat loss is caused by human conversion of land to other uses. 39 "In 46. See id. While some blame commercial timber harvesting for deforestation, Roger A. Sedjo of Resources impact on species survival rates as forest habitat houses an estimated 60% of the world's terrestrial biodiversity.47
An additional threat to biodiversity comes from habitat modification due to the introduction of exotic species. While the introduction of species from one part of the world to another as crops or livestock can bring tremendous benefi ts, the occasional introduction of biologically invasive species has had substantial adverse consequences for many species. Habitat invasion by exotic species is generally considered the second leading threat to endangered species behind habitat loss. 48 By some estimates, up to 20% of endangered vertebrate species are threatened by exotic species. 49 While other threats to biodiversity will remain important, habitat loss is likely to be the greatest threat in coming decades. Global population hit an estimated six billion in 1999.5 0 At present, global population increases by one billion people every twelve to thirteen years. While many expect this rate of increase to slow, most analysts believe that there could be approximately ten billion people on the planet by 2050.51 Increased population will mean more mouths to feed, and that will require increased agricultural production. Increased wealth in the developing world will also spur demand for greater caloric and nutritional intake, pushing up agricultural demand further still. 52. According to estimates by the International Food Policy Research Institute, global demand for basic agricultural commodi ties, such as wheat, maize, and rice, will increase by 40% by 2020, or 1.3% per year. 53
Over the past several decades, global food availability has kept pace with the increase in agricultural demand. 54 Yet the explosion in agricultural productivity unleashed by the "green revolution" may be reaching its limits as annual increases in agricultural productivity appear to have been slipping; cereal yields per hectare rose 2.2% per year in the late 1960s and 1970s, but only rose 1.5% per for the Future, notes that "forestlands that are commercially harvested typically remain as forestlands." Sedjo, supra note 44, at 188. . 54. See Georgia et a!., supra note 51, at 256-57, 260-61 (indicating the continuous rise in per capita agricultural production and food production over the past four decades). year in the 1980s and early 1990s, and may drop even further.55 Unless agricultural productivity increases substantially, this will mean putting thou sands, if not millions, of additional hectares under plow -and consequently losing thousands, if not millions, of hectares of species habitat. Thus, a failure to enhance per-acre agricultural productivity will have severe consequences for global and regional biological diversity. The CBD contains a range of provisions that are intended ' to promote the conservation of biological diversity and limit the environmental impacts of human development.57 In particular, the CBD specifically contemplates the regulation of genetically modified organisms (GMOs). Parties to the Convention must: 57. Parties to the CBD are obligated to develop "national strategies, plans or programs" for the conservation of biodiversity, which shall include, among other things: (a) "a system of protected areas," such as parks or reserves, that include protective buffer zones and are to be managed to ensure "conservation and sustainable use;" (b) "measures for the recovery and rehabilitation of threatened species," including the reintroduction of species into their native range; and (c) measures to "facilitate access to genetic resources for environmentally sound uses" and the transfer of advanced technologies to other nations. See CBD, supra note 1, arts. 6, 8, 9, 15, 16. The CBD further requires parties to "prevent the introduction of, control or eradicate those alien species which threaten ecosystems, habitats or species." Jd. art. 8(h).
58. !d. art. 8(g) (emphasis added). 65. Given the U.S.-E.U. conflict over beef hormones, this concern was clearly justified. The United States challenged the E.U. ban on the sale of beef produced using bovine growth hormones. The European Union claimed that the restriction was a valid public health measure despite the lack of any credible scientific evidence indicating that the use of the hormones in beef production posed any threat to human health. In 1997, a World Trade Organization (WTO) dispute resolution panel sided with the United States, ruling that the import ban was a protectionist measure and not a neutral regulation intended to protect the environment or public health. 71. See id. arts. 8-10. Under these provisions, the importing nation is to acknowledge receipt of the notification and whether the shipment may proceed, or whether more information is necessary in order to malce a determination, or whether the time period for a response "is extended by a defined period of time." !d. art.
10(3)(d).
time limitation, and an importing nation's failure to respond does "not imply ... and non-parties must be made in accordance with the Protocol's terms. 8 1
IV. BIOSAFETY VERSUS BIODIVERSITY
There is a mismatch between existing threats to biological diversity and the Cartagena Protocol on Biosafety. Habitat loss is the greatest cause of biodiversity loss and species extinction. Yet the Protocol's operative provisions will do little, if anything, to promote or enhance habitat conservation. Worse, the net effect of the Protocol could actually be to increase risks to biodiversity by malting it more difficult for farmers to feed a growing global population without clearing more species habitat.
Population growth and economic development are rapidly increasing the demand for food in much of the developing world. 82 As a result, there is a trade-off between increasing agricultural productivity and reducing the threat to biodiversity from land conversion. Meeting global food needs can be achieved either by clearing more land for agriculture or enhancing the productivity of existing agricultural lands. Increasing agricultural productivity a scant 1.4% per year from 1993 to 2050, which may be necessary to meet global food needs, would produce an overall increase in agiicultural output of 121 %.83 To achieve this same increase through the use of more cropland alone would probably require increasing the amount of cropland by more than 121%, or over 1,700 million hectares.84 Thus, if gains in agricultural productivity do not outpace the rising demand for agricultural production, biodiversity will suffer as forests are cleared and grasslands are plowed to malce room for crops. As environmental analyst Indur Goldany explains, the difference between an average annual increase in agricultural productivity of 1 percent and 1. Goklany's estimates, to protect biodiversity from the encroachment of agriculture, annual increases in agricultural productivity worldwide must exceed 1.4%.86 Genetically engineered crops are likely to play an integral role in increasing the productivity of existing croplands and thereby reducing pressures on species habitat-if their use is not stifled by an overly burdensome regulatory regime. A scientific panel convened by the World Bank and Consultative Group on International Agricultural Research (CGIAR) concluded that genetic engineering could increase agricultural yields by as much as 25%.87 Even delaying ripening in fruits and vegetables could substantially enhance food supplies, as post-harvest and end-use losses are estimated to be as high as 47% in some �ountries.88
Some of the first transgenic crops to be introduced were modified to contain a gene from the Bacillus thuringiensis (Bt) bacterium to protect it from insect pests. Bt occurs in nature and is often cultivated and used as a "natural pesticide." Inserting a Bt gene enables crops to produce a defensive protein, protecting them from insect pests and reducing crop damage (as well as reducing the need to apply additional Bt or other pesticides).89 The result, among other things, is increased productivity. In 1 Q97, for instance, the per-acre yields of corn modifi ed to produce Bt were 7% higher than unmodified corn:90 Bt cotton yields reported in 1996 were even further above conventional crops-15% to 17% higher than yields of unmodifi ed cotton treated with conventional pesticides.91 Early transgenic harvests in the developing world are showing similar results, such as a modified rice variety with increased yields of 5% to 15%.92
The negative impacts of a protocol on habitat conservation will be felt mqst in sub-Saharan Africa. "The African continent, more than any other, urgently needs 1gricultural biotechnology, including transgenic crops, to improve food produc ion."93 Indeed, the agricultural biotechnology revolution is potentially even nore valuable for some developing countries than the original "green tevolu ion" because the use of transgenic crops will not require the same costly inputs 86. These estimates may even be a bit optimistic. In some parts of the world, such as sub-Saharan Africa, it my be necessary to achieve an annual productivity increase of generations of GMOs, it will be immensely diffi cult to meet the rising fo od demands of the world's peoples and still preserve large areas of undeveloped habitat. Even if the use of genetically engineered crops allows fo r the further intensifi cation of agricultural production, which has environmental impacts of its own, these impacts pose a lesser threat to biodiversity than the unabated loss of native habitat throughout the world; "the environmental costs of expanding the area tilled are enormously greater than those of increasing yield. "95 Thus, adoption of a precautionary biosafely protocol could well counteract other efforts under the CBD to protect biological diversity.
While the Biosafety Protocol will, if anything, retard efforts to protect habitat from the encroachment of agnculture, some hope that the advance informed agreement procedures, combined with the information sharing provisions, will help to reduce other ecological risks from the introduction of LMOs. One prominent concern is that the introduction ofLMOs into the broader environment could disrupt local ecosystems. The introduction of non-indigenous animal and plant species, ranging fr om the brown tree snalce in Pacifi c regions to Zebra mussels in North America to feral cats in New Zealand, has had a significant impact on biodiversity and is a substantial contributor to species extinction.96
The introduction of exotic species into .new environments is a legitimate concern. The Biosafety Protocol, however, is ill-equipped to address it. There is no basis for presuming that GMOs pose a distinct threat of ecosystem invasion:
The National Academy of Sciences noted that "a mutation made by traditional techniques may be accompanied by many unknown mutations."97 The additional precision offered by rD NA techniques utilized in GMOs, however, malces the introduction of a new "pest" species less likely, as it reduces the chances of inadvertently transferring unwanted genetic traits fr om one species to another. introduction of invasive exotic species, yet a protocol focusing on biotechnology does little to remedy this concern. Indeed, by focusing on GMOs it may divert resources and attention from greater ecological threats.
A related concern is that transgenic crops will "pollute" regional ecosystems by releasing new genetic combinations into the environment through pollina tion.99 "Genetic pollution is considerably more dangerous than oil spills. Yo u can't just go out there and put a boom around it and put it back in," according to Habitat loss around the world poses a real threat to biodiversity. Absent advances in agricultural production, the world's burgeoning population, and the consequent increased demand for fo od production, will accelerate this trend . If the parties to the Convention on Biological Diversity want to arrest this trend, their efforts would be better spent building institutional capacities for habitat conservation.116 A global regulatory regime for biotechnology will not do much to stem the loss of biological diversity. If anything it could make this real problem worse.
